Low-energy photoelectron imaging spectroscopy of nitromethane anions: Electron affinity, vibrational features, anisotropies, and the dipole-bound state J. Chem. Phys. 130, 074307 (2009); 10.1063/1.3076892 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation. We report a photodetachment and high-resolution photoelectron imaging study of cold 2-hydroxyphenoxide anion, o-HO(C 6 H 4 )O − , cooled in a cryogenic ion trap. Photodetachment spectroscopy revealed a dipole-bound state (DBS) of the anion, 25 ± 5 cm −1 , below the detachment threshold of 18 784 ± 5 cm −1 (2.3289 ± 0.0006 eV), i.e., the electron affinity of the 2-hydroxyphenoxy radical o-HO(C 6 H 4 )O · . Twenty-two vibrational levels of the DBS are observed as resonances in the photodetachment spectrum. By tuning the detachment laser to these DBS vibrational levels, we obtain 22 high-resolution resonant photoelectron spectra, which are highly non-Franck-Condon due to mode-selective autodetachment and the ∆v = −1 propensity rule. Numerous Franck-Condon inactive vibrational modes are observed in the resonant photoelectron spectra, significantly expanding the vibrational information that is available in traditional high-resolution photoelectron spectroscopy. A total of 15 fundamental vibrational frequencies are obtained for the o-HO(C 6 H 4 )O · radical from both the photodetachment spectrum and the resonant photoelectron spectra, including six symmetry-forbidden out-of-plane modes as a result of resonant enhancement. C 2015 AIP Publishing LLC. [http://dx
I. INTRODUCTION
Vibrational autodetachment spectroscopy can be a powerful technique to obtain infrared spectra of anions and probe the non-adiabatic intramolecular dynamics between the vibrating neutral core and the outgoing electron. [1] [2] [3] [4] [5] [6] However, it cannot be generally applicable because the probed vibrational levels of the anion must be above the electron detachment threshold for autodetachment to occur. Only a limited set of weakly bound anions have been reported with low enough electron binding energies to realize vibrational autodetachment within the ground electronic state. [1] [2] [3] [4] [5] [6] [7] [8] Valence excited electronic states of anions are also not usually accessible. [9] [10] [11] [12] [13] [14] [15] [16] However, the existence of dipole-bound states (DBSs) near the detachment threshold of anions significantly expands the scope of vibrational autodetachment spectroscopy. A molecule with a large enough dipole moment (>2.5 D) can weakly attract an electron and form a DBS of the corresponding anion in the dipolar field, which was first predicted theoretically [17] [18] [19] [20] and has been observed experimentally. [21] [22] [23] [24] [25] [26] [27] In dipole-bound anions, the extra electron resides in a highly diffuse orbital outside the neutral core, analogous to Rydberg states in neutral molecules. While anions cannot have Rydberg states, excited DBSs near the detachment threshold are possible if the corresponding neutrals possess a sufficiently large dipole moment. Such excited DBSs were first observed in photodetachment cross sections of enolate anions by Brauman and co-workers. [28] [29] [30] [31] Lineberger, Brauman, and co-workers subsequently observed a) Email: Lai-Sheng_Wang@brown.edu rotational autodetachment via the excited DBS and obtained high-resolution spectroscopy for dipole-bound anions. [32] [33] [34] [35] [36] [37] [38] [39] However, due to spectral congestions at room temperature, especially for large and complex anions, such high-resolution detachment spectroscopy has applied only to a limited number of anions. In particular, high-resolution vibrational stateselective autodetachment photoelectron spectroscopy (PES) from a DBS has not been reported until recently. 40 In 2013, we observed the first mode-specific vibrational autodetachment photoelectron (PE) spectra from the DBS of cold phenoxide anions. 40 In this study, the phenoxide anions were cooled cryogenically in an ion trap to completely eliminate vibrational hot bands and minimize rotational broadening. [41] [42] [43] In addition to obtaining high-resolution PE spectra, a DBS was observed 97 cm −1 below the detachment threshold of phenoxide. A series of highly non-Franck Condon PE spectra were observed due to excitation of specific vibrational levels of the DBS and the subsequent modespecific vibrational autodetachment. The ∆v = −1 vibrational propensity rule for autodetachment, which was initially developed for autoionization from Rydberg states 44 and extended to vibration-induced electron detachment of anions, 45, 46 was directly observed. In addition, the vibrational frequencies of the DBS of the anion were measured to be the same as the neutral within the experimental uncertainty, confirming that the outmost electron in the DBS of the anion indeed has little effect on the neutral core. This work also suggested that highresolution vibrational autodetachment from DBS can be used to obtain vibrational spectroscopy of the corresponding neutral radicals, as demonstrated shortly for the dehydrogenated uracil radical. 47 In the latter study, a total of 46 vibrational autodetachment resonances were observed in the photodetachment spectrum, allowing 21 fundamental vibrational frequencies to be obtained for the dehydrogenated uracil radical.
The 2-hydroxyphenoxy radical, o-HO(C 6 H 4 )O · , is an important derivative of the phenoxy radical involved in a wide range of biological and environmental processes. [48] [49] [50] In particular, o-HO(C 6 H 4 )O · has been identified as a persistent environmental free radical formed by decomposition of pyrocatechol in tobacco smoke, which has adverse effects on human health. [51] [52] [53] There have been a number of theoretical studies about the conformations of o-HO(C 6 Here, we report both photodetachment spectroscopy and high-resolution PES for o-HO(C 6 H 4 )O − , cooled in a low-temperature ion trap at 4.4 K. A DBS is found for o-HO(C 6 H 4 )O − and 22 vibrational levels of the DBS are observed in the photodetachment spectrum. Mode-specific vibrational autodetachment is observed in resonant PES via the vibrational levels of the DBS, resulting in highly non-FranckCondon PE spectra and providing critical information for the assignments of the vibrational resonances in the photodetachment spectrum. The EA of o-HO(C 6 H 4 )O · is measured accurately to be 18 784 ± 5 cm −1 (2.3289 ± 0.0006 eV). The ground vibrational level of the DBS is measured using resonant two-photon detachment, resulting in a binding energy of 25 ± 5 cm −1 for the DBS relative to the detachment threshold. Fifteen fundamental vibrational frequencies are obtained for the o-HO(C 6 H 4 )O · radical from both the photodetachment spectrum and the resonant PE spectra.
II. EXPERIMENTAL METHODS
The experiment was carried out using our high-resolution PE imaging apparatus 59 equipped with an electrospray ionization (ESI) source, 60 a temperature-controlled cryogenic ion trap, 41, 42 and a time-of-flight mass spectrometer. The apparatus is an improved version based on our original ESI-PES instrument that consisted of a room-temperature ion trap and a magnetic-bottle PES analyzer. [60] [61] [62] The o-HO(C 6 H 4 )O − anions were produced by electrospray of a 1 mM solution of 2-hydroxyphenol dissolved in a mixed methanol and water solvent (9:1 volume ratio). The anions were directed by two radio-frequency (RF) quadrupole ion guides and one RF-only octopole ion guide into a temperature-controlled cryogenically cooled three-dimensional Paul trap in a more compact linear configuration, 42 compared with our first generation cold ion trap. 41 After being accumulated and cooled via collisions with a He/H 2 buffer gas (4:1 volume ratio) in the ion trap for 0.1 s, the anions were pulsed out into the extraction zone of a time-of-flight mass spectrometer and selected by a mass gate. The desirable anions were focused into the interaction zone of a co-linear velocity-map imaging lens, 59 where anions were photodetached by a linear polarized laser beam. The laser polarization was aligned parallel to the imaging detector. Photoelectrons were accelerated out of the imaging lens and projected onto a set of 75-mm diameter micro-channel plates coupled to a phosphor screen. The photoelectron images were captured by a charge-coupled device camera and sent to a computer for data averaging. The recorded two-dimensional PE images were symmetrized and inverse-Abel transformed to obtain three-dimensional photoelectron distributions. The data reconstruction was carried out by both the pBASEX 63 and BASEX programs, 64 which gave similar results. The velocity-map imaging apparatus was calibrated with PE images of atomic Au − at several photon energies. The photodetachment laser is a Nd:YAG pumped tunable dye laser system (∆λ ∼ 0.0015 nm, Sirah Cobra-Stretch). The experiments reported in the current work were all done by operating the ion trap at 4.4 K. The PE spectra are all plotted with respect to electron binding energies obtained by subtracting the measured electron kinetic energies (KE) from the respective detachment photon energies. The PE spectral resolution achieved was 3.8 cm −1 for 55 cm −1 KE electrons and about 1.5% (∆KE/KE) for KE above 1 eV.
III. RESULTS
A. Non-resonant photoelectron images and spectra Fig. 1(b) ), peaks D, E, and F are much better resolved. The enhancement of peak G in Fig. 1(b) is due to the near threshold effect. 65 The 529.95 nm photon energy is slightly above the detachment threshold and Fig. 1 (a) displays the best resolved data for the 0 0 0 transition. The peak width is much larger than the instrumental resolution due to rotational broadening. 40, 47 This peak defines a very accurate EA for o-HO(C 6 H 4 )O · as 18 784 ± 5 cm −1 (2.3289 ± 0.0006 eV), measured from the top of the 0 0 0 peak in Fig. 1(a) . The 488.32 nm spectrum shows that peak C is the strongest vibrational peak, corresponding to the 20 0 1 transition (vide infra), suggesting that the ν 20 mode is the most FranckCondon-active vibrational mode upon electron detachment. Peak C is slightly enhanced in Fig. 1 Table I . The assignments and comparison with theoretical frequencies are given in Table II . − by measuring the total electron yield as a function of photon energy near the detachment threshold. The scanning photon energy range covers about 1600 cm −1 . The scanning step was 0.03 nm and each step was accumulated for 700 laser shots. The overall baseline in Fig. 2 represents the intensity of direct non-resonant photodetachment from the ground state of o-HO(C 6 H 4 )O − to the neutral ground state, which slowly increases with photon energy. At certain wavelengths, the total electron yields are enhanced dramatically, as indicated by the peaks labeled from 1 to 22. These peaks , is determined to be the dipole-bound ground state. This weak peak is due to single color resonant two-photon (1 + 1) detachment. The inset shows the photoelectron image of the two-photon detachment spectrum, where the outer ring is the two-photon signal. The double arrow below the images indicates the direction of the laser polarization. Note the p-wave character of the two-photon peak, indicating the DBS electron is in an s-like orbital.
B. Photodetachment spectrum of o-HO(C
provide evidence of the existence of a DBS of o-HO(C 6 H 4 )O − and they are due to autodetachment from vibrational levels of the DBS, as shown previously for the phenoxide and deprotonated uracil anions. 40, 47 In comparison to the earlier studies by the Brauman and Lineberger groups, [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] the critical improvement is the vibrational and rotational cooling afforded by the temperature-controlled cryogenic ion trap. The resonant peaks all have a width of ∼5 cm −1 with fine features, due to partially resolved rotational profiles. As shown previously, 47 the rotational temperature of our trapped ions was about 35 K at an ion trap temperature of 4.4 K, even though the vibrational temperature could not be evaluated because there were no vibrational hot bands observed.
The very weak peak labeled as 0 at 18 759 cm −1 , expanded by 10 times, represents the ground vibrational level of the DBS. This extremely weak peak is due to single color two-photon (1 + 1) detachment, corresponding to the outer ring of the inset PE image. Hence, the binding energy of the DBS was determined to be 25 ± 5 cm −1 , relative to the detachment threshold (18 784 cm −1 ) measured in Fig.  1(a) . The top scale of Fig. 2 is relative to the vibrational ground state of the DBS, so that the vibrational energies of the 22 autodetachment resonances can be directly read from the figure. Table III summarizes the photon energies, shifts from the DBS vibrational ground state, and the complete assignments of the observed vibrational resonances. The assignments for peaks 1-22 are all supported by and based on resonant PE spectra to be presented next in Figs. 3-5 and the calculated frequencies in Table II. The PAD of the two-photon detachment peak in the inset of Fig. 2 shows clearly a p-wave, which is very different from the s + d character of the non-resonant detachment features in Fig. 1 . The ground vibrational level of the DBS is bound and long-lived. The PAD in the two-photon detachment should reflect the electronic nature of the DBS, which can be viewed as an s-type orbital, consistent with the observed p-wave PAD. 
C. Resonant photoelectron images and spectra
By tuning the detachment laser to the vibrational resonances observed in Fig. 2 , we obtained resonantly enhanced PE spectra, as shown in Figs. 3-5. These spectra contain two detachment processes, the regular non-resonant photodetachment represented by the baseline of Fig. 2 and resonantly enhanced vibrational autodetachment signals via the DBS. The resonant enhancement can be glimpsed from the peak height relative to the baseline at each photon energy in Fig. 2 . The 22 resonant PE spectra are presented in Figs. 3-5 according to the nature of the vibrational levels of the DBS excited: the spectra in Fig. 3 correspond to the excitation of a single vibrational mode of the DBS; those in Fig. 4 represent excitations to combinational vibrational levels of the DBS involving two modes; those in Fig. 5 correspond to excitations to overlapping vibrational levels of the DBS. Because of the mode selectivity and the ∆v = −1 propensity rule in the autodetachment process, 44 certain vibrational levels are enhanced in each resonant PE spectrum, resulting in completely non-Franck-Condon distributions relative to the non-resonant PE spectra in Fig. 1 . Furthermore, FranckCondon inactive modes are observed in the resonant PE spectra and these transitions are labeled by lower case letters in Figs. 3-5. Their binding energies and assignments are also given in Table I .
In Figs. 3-5 , the assigned vibrational transitions in bold face indicate the final vibrational states of autodetachment, that are resonantly enhanced. It should also be pointed out that the binding energies in Table I , for the vibrational peaks observed in Fig. 1 , are taken from the more accurate measurements in the resonant spectra, wherever possible. 
IV. DISCUSSION

A. Assignment of the non-resonant photoelectron spectra
While the previous low resolution PE spectra revealed only two vibrational modes tentatively for the ground state detachment band, 58 the high-resolution PE spectra in Table I for peaks A-P, we can readily assign peaks A, B, C, K, L, N, and O to modes v 23 , v 22 , v 20 , v 13 , v 12 , v 9 , and v 8 , respectively. Peaks D and I are due to the overtones of modes v 23 and v 20 , respectively. Peak F could be due to the overtone of the out-of-plane mode v 31 . Peaks E, G, H, J, M, and P are all due to combinational vibrational levels involving two vibrational modes, as shown in Table I . Finally, two possible assignments are made for several high binding energy peaks, F, K, L, N, and O. As will be shown below, all these assignments are confirmed by the photodetachment spectrum and the resonant PE spectra via the observation of mode-selective vibrational autodetachment.
B. Nature and assignment of the photodetachment spectrum
All the 22 resonant peaks in the photodetachment spectrum of Fig. 2 are rotationally broadened and they exhibit asymmetric or Fano line shapes in the baseline due to interference effects between the direct detachment and resonant autodetachment channels. 66, 67 As we showed previously, 40, 47 the vibrational frequencies of the DBS of the anions are the same as the corresponding neutral radical within our experimental uncertainty. Therefore, the vibrational frequencies observed for the DBS of o-HO(C 6 H 4 )O − in Fig. 2 should be the same as those of the o-HO(C 6 H 4 )O · radical observed in the PE spectra of Fig. 1 . Since the photodetachment spectrum of o-HO(C 6 H 4 )O − is mainly limited by rotational broadening (∼5 cm −1 peak width), the measured frequencies from Fig. 2 should be generally more accurate than those obtained from the PE spectra. Comparing Tables I and II, we can see that almost all the vibrational peaks observed in the PE spectra in Fig. 1 can be found in the photodetachment spectrum. The experimental vibrational frequencies given in Table II represent the most accurate measurements in the current work. More vibrational levels were observed in the photodetachment spectrum because of the higher sensitivity as a result of the resonant excitation to the DBS. Combining this spectrum and the resonant PE spectra, we were able to obtain a total of 15 fundamental vibrational frequencies for the o-HO(C 6 H 4 )O · radical, including six out of plane modes, as shown in Table II .
The relative intensities of the vibrational resonances in Fig. 2 exhibit large variations with peak 6 being the strongest. Peak 6 is due to excitation to the 20 ′ 0 1 level of the DBS, which corresponds to the most intense peak C in the PE spectra of Fig. 1 . Because the autodetachment rate is fast from the DBS, the relative intensities of all the vibrational resonances should be proportional to the Franck-Condon factors between the ground vibrational state of o-HO(C 6 H 4 )O − and the vibrational levels of the DBS. A careful comparison of Fig. 2 with the non-resonant PE spectrum of Fig. 1(c) reveals similar intensity distributions for all the peaks of the same vibrational modes. For example, the relative intensities of the 14 major resonant peaks, 1, 3, 6, 7, 8, 9, 11, 14, 16, 17, 18, 19, 20 , and 21 in Fig. 2 resemble the overall Franck-Condon envelope of peaks A, B, C, D, E, G, H, I, J,K, L, N, O, and P in Fig. 1(c 15). Even though the relative intensities of these transitions were low, they were clearly observable and yielded several vibrational frequencies for the bending modes (Table II) in the resonant PE spectra to be discussed below. The observation of such transitions might be partly due to significant resonant enhancement in the optical transitions from the anion ground state to those of the DBS. They might also be due to strong vibronic coupling in the DBS of o-HO(C 6 H 4 )O − . It should be pointed out that such symmetry-forbidden transitions have also been observed in high resolution PES of anions, 68 including those of cold phenoxide and C 60 − . 40, 43 The elimination of vibrational hot bands in the anions has made it much easier to spot such weak transitions in both PES and photodetachment spectroscopy.
C. General comments for vibrational autodetachment from a dipole-bound state
Because the molecular core of the DBS is similar to the neutral state, the harmonic oscillator vibrational selection rule of ∆v = −1 is obeyed in the autodetachment from the DBS to the neutral final state, just like vibrational autoionization from Rydberg states. 40, 44, 45 In other words, the nth overtone of a given mode (ν x ′ ) of the DBS can only autodetach to the (n − 1) vibrational level of the corresponding mode (ν x ) in the neutral final state. Essentially, one vibrational quantum of the neutral core is coupled to the DBS electron to cause electron emission. The kinetic energy of the outgoing electron corresponds to the vibrational quantum minus the binding energy of the DBS (see Fig. 6 ). The ∆v = −1 propensity rule can be violated if there are significant anharmonic effects, allowing ∆v = −2, −3, . . . autodetachment to be observed. 44 Since the binding energy of the DBS of o-HO(C 6 H 4 )O − is very small (i.e., 25 ± 5 cm
), a single-quantum excitation of any vibrational mode in the DBS can induce autodetachment. In cases of combinational modes (ν x ′ ν y ′ ), there can be two possible autodetachment channels involving either modes, while each obeying the ∆v = −1 propensity rule. Hence, a specific vibrational level of a given mode (ν x ) would be enhanced in the resonant PE spectrum, if the corresponding mode (ν x ′ ) is involved in the DBS vibrational excitation, giving rise to the nonFranck-Condon profile. Thus, the resonant PE spectra can be quite readily understood, and are essential to assign the vibrational resonances in the photodetachment spectrum in Fig. 2 . The only complications occur when there are overlapping vibrational levels in a given DBS resonance, which occurs more commonly in the higher energy regime due to high densities of vibrational levels. In such cases, multiple autodetachment channels are possible, but still the resulting resonant PE spectra can be readily assigned.
To help interpret the resonant PE spectra and understand the autodetachment processes, we present an energy level diagram in Fig. 6, showing Fig. 1 and a-j are the same as in Figs. 3-5) . The DBS and its 22 vibrational levels observed in Fig. 2 are shown on the left and right side. The EA and BE of the DBS are indicated. Autodetachment channels from the DBS vibrational levels to the neutral final states are indicated by the arrows. On the right side, the vibrational levels of a single mode are indicated and the overlapping vibrational levels in a number of cases are also shown. On the left, combinational vibrational levels of the DBS involving two modes are shown. Autodetachment channels from the same vibrational levels are shown in the same color. See Table III for the detailed assignment of the DBS vibrational levels.
represented by the same color. On the right of Fig. 6 , we present all the DBS vibrational resonances involving single vibrational mode, except peaks 4, 15, 17, 18, 19, and 20, which contain overlapping vibrational levels. On the left of Fig. 6 , we show the DBS vibrational resonances of combinational vibrational levels involving two modes, except peak 21, which contains an overlapping vibrational level.
Note that the neutral vibrational levels labeled with the capital letters (A-O) are the same as in Fig. 1 and Table I . Neutral vibrational levels labeled with the lower case letters (a-j) are observed in the resonant PE spectra due to autodetachment. The vibrational levels for the most active mode (v 20 Table III and also labeled in Fig. 3(d) shows that peak 23 0 1 due to non-resonant detachment is almost negligible relative to the 0 0 0 peak, because peak 6 in Fig. 2 is the strongest transition. However, the weak 32 0 1 peak in Fig.  3(b) is a Franck-Condon forbidden transition, which was not observed in Fig. 1 . Although not explicitly discussed, such non-Franck-Condon transitions involving low frequency modes have been observed in our previous phenoxide and deprotonated uracil studies. 40, 47 The mechanisms of such transitions in the resonant PE spectra are not completely understood, but could be due to an intramolecular electron re-scattering effect that has been invoked to interpret the observation of forbidden rotational transitions in resonant twophoton PES and autodetachment. 69, 70 Figs. Fig. 2) , respectively, as shown in Table III and Fig. 6 . The enhancement of the 20 0 1 peak in Fig. 3(e) is likely due to the near threshold effect. Similarly, the 20 0 2 neutral vibrational level is enhanced in Fig. 3(g) , corresponding to the excitation of the 20 
E. Autodetachment from combinational vibrational levels of the DBS
Autodetachment from combinational vibrational levels of the DBS can be quite complicated because different autodetachment channels are possible. Fig. 4 shows the resonant PE spectra when the detachment laser was tuned to excite combinational vibrational levels of the DBS involving two modes. Thus, two autodetachment channels should be observed in each spectrum. Indeed, Fig. 4 shows that in each case, two vibrational peaks are enhanced (labeled in bold face) relative to the nonresonant PE spectra in Fig. 1 . Fig. 4(g Table II ), the 20 0 1 and 21 0 1 peaks are not resolved in Fig. 4(g) . The peak width is consistent with the overlap of the two detachment channels. In each case in Fig. 4 , there seems also to be a more favorable final state with a stronger relative intensity. It should be pointed out that both the 32 0 1 and 33 0 1 final neutral vibrational states in Fig. 4(a) are non-Franck-Condon transitions, which were not observed in Fig. 1 . However, the corresponding resonant excitation to the 32 ′ 0 1 33 ′ 0 1 level of the DBS was symmetry-allowed, albeit it was quite weak (peak 2 in Fig. 2 ). The autodetachment from this level, shown in the resonant PE spectrum in Fig. 4(a) , allowed us to measure the fundamental vibrational frequencies of the two softest modes of HO(C 6 H 4 )O · simultaneously (Table II) . These low frequencies for the two bending modes would have been quite difficult to measure experimentally otherwise.
The PADs in the PE images in Fig. 4 can also be used to distinguish autodetachment-enhanced vibrational peaks from direct non-resonant PES features. The autodetachment enhanced peaks all show isotropic PADs, while the nonresonant PES peaks display s + d characters. For example, the PE images corresponding to the relatively weak peaks, , and 20 0 2 in Fig. 4(h) 
Excitations to overlapping vibrational levels of the DBS of o-HO(C 6 H 4 )O − can result in even more complicated resonant PE spectra, as shown in Fig. 5 . Apart from the enhanced 0 0 0 peak, peak 32 0 1 in Fig. 5(a) , peaks 22 0 1 and f in Fig. 5(b) , peak g in Fig. 5(c), peaks 20 0 1 , g, h, G, and i in Fig. 5(d) , peak j in Fig. 5(e) , and peak k and 23 0 2 20 0 1 in Fig. 5(f) are either nonFranck-Condon and not observed in Fig. 1(c) or much stronger than those in Fig. 1(c) . The resonant peak 21 of the DBS gives rise to the resonant PE spectrum of Fig. 5(g) , which involves the overlap of two combinational vibrational levels. According to the ∆v = −1 vibrational propensity rule, the assignments of the vibrational levels of the DBS that produced the resonant PE spectra as a result of autodetachment are straightforward, as shown in Fig. 6 .
The only three peaks that cannot be readily explained are peak g in Fig. 5(d) , peak k in Fig. 5(f) , and peak G in Fig. 5(g) . The assignment of the overlapping 12 combinational level. It is understandable that, at such highly vibrationally excited state of the DBS, both the high density of vibrational states and anharmonicity can give rise to much more complicated autodetachment transitions. It should also be pointed out that there is a modedependence for the autodetachment processes, as shown in Fig. 4 . Simons and co-workers have developed theoretical frameworks for computing vibrational autodetachment rates. 45, 46 Lineberger and co-workers have observed vibrational dependence of autodetachment rates in H 2 CCC − . 39 The current work provides extensive vibrational and modedependent information for the autodetachment rates, which would be interesting for further theoretical investigations.
V. CONCLUSIONS
In conclusion, we report a high-resolution photoelectron imaging and photodetachment study of cold 2-hydroxyphenoxide anions. The electron affinity of o-HO(C 6 H 4 )O · is accurately measured to be 18 784 ± 5 cm −1 (2.3289 ± 0.0006 eV). A dipole-bound state is observed with a binding energy of 25 ± 5 cm −1 . Twenty-two vibrational levels of the dipolebound states, as well as the dipole-bound ground state of o-HO(C 6 H 4 )O − are observed. Resonant photoelectron spectra are obtained by tuning the detachment laser to these vibrational levels, resulting in highly non-Franck-Condon photoelectron spectra due to the mode-selective autodetachment. Fifteen fundamental vibrational frequencies are obtained for the o-HO(C 6 H 4 )O · radical, including six symmetry-forbidden outof-plane modes as a result of the resonant enhancement.
